iiiiiiiiiiiiiiiiiiiiiaii 

(11) EP 1 074 859 A2 



(12) EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lntCl7: G02B 1/11, G02F 1/1335. 




07.02.2001 Bulletin 2001/06 


HOI J 29/89 


(21) 


Application number: 00402199.4 




(22) 


Date of filing: 01.08.2000 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Ft FR GB GR IE IT LI LU 


• Murata, Makoto, c/o Tomoegawa Paper Co., Ltd. 




WIC NL PT SE 


Shizuoka-shI, Shizuoka-ken (JP) 




Designated Extension States: 


• HIgashi, Kensaku, • 




AL LT LV MK RO SI 


c/o Tomoegawa Paper Co., Ltd. 
Shizuoka-shi, Shizuoka-ken (JP) 


(30) 


Priority: 04.08.1999 JP 22131899 


(74) Representative: Boulinguiez, DIdler 


(71) 


Applicant: Tomoegawa Paper Co. Ltd. 


Cabinet Plaeseraud 




Tokyo (JP) 


84, rue d'Amsterdam 






75440 Paris Cedex 09 (FR) 



(54) Anti-reflective material 




Europafsches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) The present invention provides an aiitl^refleci? 
tiye3gmalerial with good the stainproofing properties, 
wherein dust and fingerprints do not readily adhere to 
the surface and can be e^silyAwiped off w adhered, 
the anti-reflective material being provided with a stain- 
proofing layer having excellent durability of its stain- 



proofing effect. In an anti-reflective material comprising 
a transparent substrate and a Jo>y:;refractiye iridex 
and a stainproofing layer laminated in order on the trans- 
parent substrate, tbejow^refractiye index layer is a silica 
fjjm fprmed,,by;the;s6l-ig and the stainproofing 

layer contains at least a perf luoroalkyi ether compound. 
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Description 

BACKGROUND OF THE INVENTION 

s 1. FIELD OF THE INVENTION 

[0001] The present invention relates to an anti-retlective material having particularly excellent display stalnproofing 
properties, durability and anti-reflective properties, which is suited for use in displays such as CRTs, LCDs, and PDPs. 

10 2. DESCRIPTION OF RELATED ART 

[0002] With the recent development of displays such as CRTs, LCDs, and PDPs, various types ot equipment incor- 
porating these displays are used in various fields. When using such equipment in places exposed to comparatively 
bright light such as outdoors, problems such as reilections from extemal light such as sunlight and light from fluorescent 
'5 lamps in the display have increased. Therefore, it is strongly required to prevent the reflection of exlernal light on 
display surfaces, that is. to prevent reflection. 

[0003] Therefore, display surface are frequently provided with anti-reflective films to improve their visibility Such 
anti-reflective films are generally fomned by providing the surface with a material having a refractive index lower than 
that of a lower layer in an optical film thickness which is n/4 times (wherein n is an odd number) as large as the 
■ ) 20 wavelength of the light of interest. As the method of forming this outermost layer, for example, there can be used a 
method of fomriing the layer by deposition or s as magnesium fluoride and silica, a method 

of coating a coating solution prepared by dispersing these materials, and a method of forming a fluorine-based polymer 
film by deposition and coating. 

[0004] However, the antl-refiective film according to the above prior art has the problems that adhesion of dust or 

2S oily substances in the atmosphere to the surface of the substrate or adhesion of fingerprints is liable to quickly show 
as soiling. For example, stains on the surface of transparent glass or plastic impairs the appearance of display window 
glass, impairs the field of view In case of eyeglasses, and prevents safe driving in case of vehicle windows. Furthermore, 
for optical instruments such as cameras, stains impair their performance. Therefore, there has been demand for an 
anti-reflective film to which stains do not readily adhere, and from which stains can be easily removed once they adhere. 

30 [0005] To prevent stains, various methods have hitherto been suggested. For example, Japanese Unexamined Pat- 
ent Application, First Publication No. Sho 58-142958, Japanese Unexamined Patent Application, First Publication No. 
Sho 58-147483, and Japanese Unexamined Patent Application, First Publication No. Sho 58-147484 disclose that a 
water- and oil-repellent agent for glass surfaces, comprising a polyfluoroalkyi group-containing silane compound or a 
partially hydrolyzed condensate thereof, water-glass or a silane coupling agent and colloidal silica, is effective. Japa- 

35 nese Unexamined Patent Application, First Publfcation No. Sho 60-49079 discloses a fingerprint adhesion Inhibitor 
comprising a compound having a C4.21 polyfluoroalkyi group or a polyf luoroether group. Japanese Unexamined Patent 
Application. First Publication No. Hei 4-89877 discloses a protective water-repellent composition for coating of vehicles, 
comprising an organic solvent-soluble organopolysiloxane resin partially having a perfluoroalkyi group and a lubricant 
oil which is insoluble in water. Japanese Unexamined Patent Application, First Publication No. Hei 5-125083 discloses 

40 a method of preparing a surface treating agent by reacting a tetraalkoxide of Ti or Zr with a fluorine-containing alkyl 
) silane compound. Furthermore, Japanese Unexamined Patent Applfcation, First Publication No. Hei 9-1 57582 disclos- 

es a stalnproofing base material comprising a base material, and a layer of a silicon-containing organic fluoropolymer 
with a specific structure having a perfluoropolyether group which is formed on the surface of the base material. 
[0006] In Japanese Unexamined Patent Application. First Publication No. Hei 9-1 27307, an anti-reflective filter coated 

45 with perfluoroether having a polar group at a terminal and a display device are suggested for stalnproofing properties 
of a single-layer or multi-layer anti-reflective film comprising as a principal component silicone dioxide formed on a 
transparent substrate by a vacuum deposition or sputtering method, as an example wherein special attention is paid 
to use for displays. Furthermore, a stalnproofing film containing alkoxysilane compound with a specific structure having 
a perfluoropolyether group is disclosed in Japanese Unexamined Patent Applicatran. First Publicatfon No. Hei 9-25591 9 

so and a surface nrKxiified film and a filter for display device, which are obtained by using the alkoxysilane compound 
having a perfluoropolyether group in combination with various materials are disclosed In Japanese Unexamined Patent 
Application. First Publication No. Hei 9-326240, Japanese Unexamined Patent Application, First Publication No. Hei 
10-26701, Japanese Unexamined Patent Applicatbn. First Publication No. Hei 10-120442, and Japanese Unexamined 
Patent Application, First Publication No. Hei 10-148701. 

ss [0007] However, the above-mentioned prior arts with respect to the stainproofing properties have the following prob- 
lems. That is, when various fluorine-containing compounds having stainproofing properties for an outermost layer of 
the anti-reflective material are applied to a low-refractbn index layer made of silicon dioxide fonned by a depositton 
or sputtering method, the anti-reflective properties are impaired and the stainproofing properties, particularly the du- 
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rability in stainproofing properties, are poor The reason is that the stainproofing effect is reduced over time, though 
excellent stainproofing properties are retained shortly after coating of the fluorine compound. It has also been found 
that conventional stainproofing measure have the problem that, when stains adhering to a base material coated with 
a stainproofing component are wiped off repeatedly, the stainproofing component is also wiped off, and the stainproofing 
5 properties are reduced, namely, contact adhesion between the low-refractive Index layer and the stainproofing coated 
film is poor. 

BRIEF SUMMARY OF THE INVENTION 

10 [0008] Thus, an object of the present invention is to provide an anti -reflective material which is provided with a 
stainproofing layer having excellent durability of the stainproofing effect without exerting an adverse effect on the stain- 
proofing capability. 

[0009] The present Inventors have carried out intensive studies to improve the stainproofing properties of the display 
surface, thus attaining the above object by the following method. That is, the present invention provides an anti-reflective 
IS material comprising a transparent substrate and at least a low-refractive index layer and a stainproofing layer laminated 
in order on said transparent substrate, wherein said low-refractive index layer is a siljcarfilm -formed by the sol-gei 
method,.and said stainproofing layer contains at least a perfluoroalkyi ether compound. The present invention also 
provides an anti-reflective materia! film using, as the perfluoroalkyi ether compound, a compound having one or more 
functional groups having high affinity with silica and/or chemically bonding functional groups at the molecular terminal. 
[0010] The anti-reflective material of the present invention can easily exhibit excellent stainproofing properties, du- 
rability, and anti-reflective properties when used as a display. 

DETAILED DESCRIPTION OF THE INVENTION 

25 [0011] The stainproofing layer in the present invention contains at least a perfluoroalkyi ether compound, and the 
compound serves as a stainproofing component which substantially exhibits stainproofing properties and a compound 
having a perfluoroalkyi ether group is appropriately used. Among these compounds, a compound having one or more 
functional groups having high affinity with a silica film described hereinafter and/or chemically bonding functional groups 
at the molecular terminal is preferable. Examples of the pertliibroialkyrcompounds are compounds represented by the 

30 following formulae 1 and 2. 

Rf-R^-X^ formula 1 



} 20 



3S 



40 



4$ 



SO 



SS 



X^-R^-Rf-R^-X^ formula 2 

(In the formulae. Rf represents a perfluoroalkyi ether group, R^ and R2 represent a divalent organic group. X^ and X2 
represent a monovalent group having a functional group having high affinity with silica and/or a chemically bonding 
f unctkjnal group, and R"" and R^, and X^ may be the same or different). 

[0012] R^ and R2 in the above formulae are not particularly limited. However, examples thereof include -R^-, -R^- 
COO-R4-, -R3-CONH-R4-, and -R^-Q-R^- (wherein R3 and R4 represent a direct bond, a to Cg alkylene group, a 
phenylene group, a naphthalene group, or a combination of these, and R^ and R* may be the same or different). In 
addition, the above alkylene. phenylene, and naphthalene groups may have a substituent group. 
[0013] The molecular structure of the perfluoroalkyi ether group is not specifically limited, but a monovalent or divalent 
perfluoroalkyi ether group containing a C1-C3 perfluoroalkyloxy group as a repeating unit is preferable, and specific 
examples thereof include the following. In the foltowing chemical structure, n and m represent an integer of 1 or more. 
In addition, in the formula having both n and m. either n or m may be 0. 

F-(CF2CF2CF20)„. 
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CF3 

CF3-(OCFCF2)nr(OCF2)n- 



CF3 

F-(CFCF20)n- 

F-(CF20)„-(CF2CF20)„- 
-(CFaCFjCFaO)^- 

CF3 

-(OCFCF2)m-(OCF2)n- 



CF3 
-(CFCF20)n- 



-(OCF2CF2)„-(OCF2)„- 



[0014] It is sard that functional groups such as hyroxyl group and silanol group are exposed on the surface of the 
silica film constituting the low-refractive index layer. Accordingly, it is effective that the stainproofing connponent having 

40 a pert luoroalkyi ether group have one or more functional groups having high affinity with silica and/or chemically bonding 
functional groups at the molecular terminal so as to have a high cohesive force with the silica film. Functional groups 
which have a high affinity are those groups capable of cohering by an ionic bond or a van der Waals force, and specific 
examples thereof include carboxyl groups, carboxylate groups, phosphoric groups, phosphate groups, sulfonic groups, 
sulfonate groups, hydroxyl groups, amino groups, imino groups, ammonium salt groups, amide groups, and thiol 

45 groups. The chemically bonding functional groups include, for example, isocyanate groups capable of bonding with 
the hydroxyl group of the silica film, chlorosilyl groups capable'of bonding with a silanol group, and alkoxysilyl groups. 
To the silica film constituting the anti-reflective material of the present invention, carboxyl groups, isocyanate groups, 
and alkoxysilyl groups are preferable, and alkoxysilyl groups are particularly preferable. The perfluoroalkyl ether com- 
pound preferably has one or more functional groups in the molecule, and can have same or two different functional 

50 groups in the case of a divalent perfluoroalkyl ether group. 

[001 5] The perfluoroalkyl ether group and functional group having high affinity with silica and/or chemically bonding 
functfonal group are bonded directly or bonded through a proper divalent atom or group. However, these molecular 
structures are not specifically limited and can be selected according to the ease of synthesis. The bonding group 
includes, for example, atoms or atomic groups such as O, NH, and S, and alkylene groups, phenylene groups, alkyi 

55 ether groups, carbonyl groups, ester groups, and amide groups. These bonding groups can be used alone or in com- 
bination. 

[0016] Examples of the perfluoroalkyl ether compound which can be used in the present invention are listed as 
follows. 
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F(CF2CF2CF20)„CF2CF2CCX3H 

F(CF2CF2CF20)„CF2CF2CH20H 

F(CF2CF2CF20)„CF2CF2CXX>* • N'^HgC^gHg^ 
F(CF2CF2CF20)„CF2CF2CH2COO(CH2)3Si(OCH3)3 
F(CF2CF2CF20)„CF2CF2CH2CONH(CH2)3Si(OCH3)3 
F(CF2CF2CF20)„CF2CF2CH2CONHArSI(CX:H3)3 ' 



CF3 CF3 

F(CFCF20)nCFC00H 



CF3 CF3 
,3 I 3 

F(CFCF20)nCFCONH(CH2)3Si(OC2H5)3 



CF3 

CF3(OCFCF2)n(OCF2)mCOOH 



CF3 
I 

CF3(OCFCF2)n{OCF2)mCONH(CH2)3Si(OC2H5)3 



hoch2cf2(ocf2cf2)„(ocf2)„ocf2ch20h 
hoch2ch(oh)ch2cx:h2cf2(ocf2cf2)„(ocf2)n,c)cf2 -ch20ch2ch(oh)ch20h 
hooccf2{cx;f2CF2)„(ocf2)„cx;f2Cooh 
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H2NC2H4NHOCCF2(OCF2CF2)n(OCF2)^OCF2CONHC2H4NH2 



(C2H50)3Si(CH2)3NHCOCF2(OCF2CF2)„(OCF2)„OCF2 -COHN(CH2)3Si(OC2H5)3 



OCNCgH3(CH3)NHCOCF2(OCF2CF2)n(OCF2)^OCF2 -CONHCgHgCCHgjNCO 

10 The petlluoroalkyi ether compound used in the present invention is not limited thereto, and two or more kinds can be 
used in combination. Furthermore, the molecular weight of these compounds is preferably within the range of 
500-10000, and more preferably within the range ot 500-4000. When the molecular weight is 500 or less, sufficient 
stainproofing properties and durability are not exhibited. On the other hand, when the molecular weight is TOOOO or 
more, the solubility in a solvent is lowered, thereby making it difficult to form a uniform stainproofing layer. 

IS [0017] The above compound itself shows a low refractive index because it contains many fluorine atoms in the 
molecule. Accordingly, a reductton in reflectance can also be expected without inhibiting the anti-reflective performance 
attained by the presence of the low-refractive index layer as the lower layer. 

[0018] The stainproofing layer in the present invention is formed by coating and drying a solution prepared by dis- 
solving at least the compound described above in the solvent. The coating weight of the compound is preferably within 
20 a range of 0.1-50 nm, and more preferably within a range of 0.5-20 nm, in terms of the thickness of the stainproofing 

layer-When-the-thicknessJs-0.1 nm.orJess. JheJynctiprLof Jh^^ properties is not exhibited. On the other 

hand, when the thickness exceeds 50 nm, sufficient stainproofing properties are obtainedrbut"the~coated"surface-is 
slightly sticky, and It is not economical. To prepare a coating composition for forming the stainproofing layer in the 
present invention, the concentration of the solution of a stainproofing active component is first decided considering the 
25 composition, coating method, and coated film thickness of a silica film, and then, based on the concentration, a fluorine- 
based solvent Is selected, and an composition ratio Is determined. 

[001 9] It is necessary that the solvent used in the coating compositk^n for forming the stainproofing layer have suf- 
ficient solubility to form a uniform stainproofing layer and a boiling point suitable for coating. Solvents capable of dis- 
solving the pertluoroalkyi ether compound as the stainproofing component include halogen-based solvents and fluo- 

30 rine-based solvents, but are preferably selected fully considering safety to the human body, lifetime in the atmosphere, 
ozone depletion potential, global warming potential, and possibility of being a cause of photochemical smog. From 
such a point of view, hydrofluorocarbons (HFC) and hydrofluoro ethers (HFE) are preferably used as the fluorine-based 
solvent in the present invention. HFC is basically composed of hydrogen, fluorine, and carbon atoms, while HFE further 
contains oxygen atoms In ether groups in the molecule. These solvents Include, but are not limited to, "VERTREL XF* 

3S (CF3CHFCHFCF2CF3: bp. 55**C) which Is a trade name of Du Pont Co.; •ZEORORA H" (heptafluorocyclopentane: bp. 
82.5*^0) which is a trade name of Nippon Zeon Co.. Ltd.; and "HFE-yiOO" (C4F9OCH3: bp. SO'C) and "HFE-7200" 
(G4FgOC2Hg: bp. 78^C) which are trade names of 3M Co. These solvents are excellent solvents, which show high 
safety because they are free from habgen atoms other than fluorine and show zero ozone depletion potential as 
compared with other fluorine-based solvents as shown in the following table, and which show global warming potential 

40 smaller than that of a conventional fluorine-based solvent by one order of magnitude and cause no photochemical snrxxf . 
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[0020] In the present invention, one or nnore solvents selected from these solvents can be used alone or In combi- 
nation. Since these fluorine-based solvents have a cost higher than that of a conventional solvent by one or more 
orders of magnitude, the cost can also be reduced by diluting with an inexpensive non-fluorine-based solvent on use. 
[0021] The non-fluorine-based solvents used In the present invention may be those which are compatible with the 
above fluorine-based solvent anx)ng conventional solvents used in nornnal coatings and which serve as so-called 
diluents for reducing the amount of an expensive fluorine-based solvent. These solvents themselves hardly dissolve 
the perfluoroalkyl ether compound, but the solubility can be improved by mixing with the fluorine-based solvent without 
impairing the excellent solubility of the fluorine-based solvent. Specifically, there can be used alcohol-based solvents 
such as methanol, ethanol, isopropanol (IPA), and sec-butyl alcohol; ketone-based solvents such as acetone, methyl 
ethyl ketone (MEK), and methyl isobutyl ketone (MIBK); ester-based solvents such as ethyl acetate, isopropyl acetate, 
and butyl acetate; ether-based solvents such as diisopropyl ether, dibutyl ether, tetrahydrofuran (THF), methyl celk>s- 
olve. and ethyl cellosolve; aliphatic hydrocarbon-based solvents such as hexane, cyclohexane. methylcyclohexane, 
heptane, and octane; and aromatic hydrocabon-based solvents such as benzene, toluene, and xylene. These non- 
fluortne-based solvents can also be used alone or in combination. 

[0022] As the fluorine-based and non-fluorine-based solvents in the present invention, those having a boiling point 
of 50 to ISCC are preferable. When the boiling point is SO^C or lower, unevehness of coating is liable to occur because 
of excessive volatility of the solvent, and the operation environment becomes inferior. On the other hand, it is econom- 
ically disadvantageous to use a solvent having a boiling point of 150**C or higher because drying it requires much 
energy and time, and the solvent can sometimes not be applied to a plastic film having poor heat resistance. Further- 
more, a difference in boiling point between the fluorine-based solvent and non-fluorine-based solvent is preferably 
SO'C or less. The reason is as follows. When the difference in boiling point between both solvents is larger than 50"C 
or more , the evaporatfon behavior oMhesblvent on coating and drying differs so that defects such as unevenness of" 
the coating occur. 

[0023] When using a mixed solvent in the present invention, the amount of the fluorine-based solvent contained in 
the mixed solvent is preferably 1 % by weight or more. When the amount of the fluorine -based solvent is 1% by weight 
or less, it becomes impossible to dissolve the stainproofing agent in a sufficiently stable manner. 
[0024] The optimum amount of the perfluoroalkyl ether compound contained in the coating compositk>n for the stain- 
proofing layer in the present invention cannot be unconditionally decided because it varies depending on the low- 
refractive index layer and coating method described hereinafter, but is preferably within a range of 0.01-10% by weight, 
and more preferably within a range of 0.03-1% by weight. When the amount is 0.01% by weight or less, sufficient 
stainproofing properties cannot be imparted to the stainproofing layer even if when coated with the resulting coating 
composition. On the other hand, when the amount exceeds 10% by weight, stickiness occurs, due to an excess of the 
stainproofing component, and It Is economically disadvantageous. 

[0025] In the present invention, various materials can be added to the stainproofing layer, in addition to the above 
materials, for the purposeof further enhancing the stainproofing properties, lowering the f rk^tional force, enhancing the 
abrasion resistance and improving the wettability with the low- refractive index layer. Specific examples thereof include 
various silane coupling agents, titanate coupling agents, silicone oils, silicone resins, and surfactants. 
[0026] Usable silane coupling agents include, for example, vinyltrichlorosllane, vinyltrimethoxysilane, vinyttriethox- 
ysilane, vinyltris(p-methoxyethoxy)silane, vinyltrlacetoxy silane, p-(3,4-epoxycyclohexyl)ethyltrimethoxysllane, y-glyci- 
doxypropyltrimethoxysilane, y-glycidoxypropylmethyldlethoxystlane, y-gtycidoxypropylmethyldimethoxysilane, T^meth- 
acryloxypropyltrimethoxysilane, y-methacryloxypropylmethyldimethoxysilane, N-(p-aminoethyl)-Y-aminopropyItrimeth- 
oxysilane, N-(p-amlnoethyl)-Y-amlnopropylmethyldimethoxysilane, y-aminopropyltrimethoxysilane, y-aminopropyltri- 
ethoxysilane. N-phenyl-y-aminopropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane,Y-chbropropyltrimethoxysi- 
lane, y-chloropropylmethyldimethoxysllane, andT^chtoropropylmethyldtchtorosilane. A silane coupling agent having a 
perfluoroalkyl group can also be used. 

[0027] Titanate coupling agents include, for example, isopropylisostearyl titanate, lsopropyltris(dioctyl pyrophos- 
phate)titanate, tetraoctylbis(ditridecyl phosphate)titanate, tetra(2,2-dialkyloxymethyl-1 -butyl)bis(dltridecyl)phosphate 
titanate, bls(dioctyl pyrophosphate )oxy acetate titanate, and isopropyltri(N-amlnoethyI-aminoethyI)tltanate. 
[0028] Silicone oils and silicone resins can be selected from general lubricating and releasing silicone oils and resins. 
Considering the cohesive force with the low-refractive index material, those having functional groups such as epoxy 
groups, alkyl groups, amino groups, cart>oxyl groups, and alcohol groups at the molecular side chain or terminal are 
preferable. Furthermore, fluorine-modified products can also be used, to improve the wettability with the low-refractive 
index layer and to prevent the unevenness of coating, various surfactants can be used, and anionic and nonionic 
surfactants are preferable. 

[0029] Surfactants having a perfluoroalkyl group are preferable because they enhance the solubility of the perfluor- 
oalkyl ether compound as the stainproofing component of the present invention. 

[0030] The amount of these additives is preferably 30% by weight or less, and more preferably 10% by weight or 
less, based on the perfluoroalkyl ether compound. When the amount is 30% by weight or more, the stainproofing 
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properties are lowered, and it becomes difficult to coat the coating composition uniformly, thereby impairing excellent 
stainproofing properties of the present invention. 

[0031] The low-refractive index layer in the present inventfon is assilrca film formed by the sol-gel iriethod in view of 
•jrriprovement in cdhtact adhlBSlon with tHe stainprDbfirig layer The solf gel method refers to a method of hydrotyzing . y . 
5 and polycondensing an alkoxysilane such as tetraethoxysilane (TECDS);tetrametK6xysilan6, arid terabutoxysllane using 4<2Q.e>^ 
an acid catalyst to prepare.a silica sol, coatingiwith the silica sol, followed by heating and further drying to form a silica cA oa^v^csv^t 
film: As the acid catalyst, for example, there can be used hydrochloric acid, sulfuric acid, nitric acid, acetic acid, hy- ( ] 
drofluoric acid, phosphoric acid, oxalic acid, phthalic acid, and maleic acid. In the above film forming method. ^ajcohqls^. 
such astnethanolrethanol. propanol. and butanol; ethylene glycol, hexyl glycol, triethanolamine, and xylene can be 
^0 used as the solvent. ExceJIent dura^bility ptthe stainproofing layer can be attained only by forming such a low-refractive 
index laye rand forming the ab3ve stainproofing layer thereon, and sufficient durability of the stainproofing properties 
cannot be obtained when the silica layer is a silica film formed by the deposition method or sputtering method. The 
reason is as follows. The number of chemical bond sites with the perfluoroalkyi ether compound of the sHica film 
obtained by the sol-gel method is larger than that of the silica film obtained by the deposition or sputtering method so 
that the contact adhesion with the stainproofing layer is improved. It is considered that there is also an effect exerted 
by the difference in surface shape between the silica film obtained by the sol-gel method and the silica film obtained 
by the deposition or sputtering method, but the details are unclear. To improve the contact adhesion and to lower the 
refractive index, various silane coupling agents, colloidal silica, magnesium fluoride sol. and alky lalkoxy si lane fluoride 
are preferably added to the sol-gel coating composition, in addition to the alkoxysilane such as TEOS. 
20 [0032] The anti-reflective material of the present invention is formed byHaminating at least a low-refractive index 
layer and a stainproofing layer in order on a transparent substrate. As the transparent substrate, for example, there 
can be use d plates or films made of g lass or plastic which have widely been used in homes , offices, automobiles . _and 



displays. As the plastic film, tor example, PET (polyethylene terephthalate) and TAG (triacetylcellulose) are preferable 
in view of the mechanbal strength and optical transparency It is said that the glass has silanol groups on its ^surface. 
25 It is considered that PET and TAG have functional groups such as hydroxy! groups, carboxyl groups, ester groups, 
and aromatic rings on its surface. 

[0033] In the present invention, a hard coat layer can be optionally formed between the transparent substrate and 
low-refractive index layer, The hard eoat layer: is cured by radiation and/or heat. Using general hard coat materials 
such as acrylic-, silicone-, and acrylic-silicone-based materials, the hard coat layer can be formed on the transparent 

30 substrate. Specific examples thereof include, but are not limited to, "ARONIX UV-3700' manufactured by Toagosei 
Go., Ltd., and "UVHCSSSS" manufactured by Toshiba Silicone Co., Ltd. It is preferable that these materials have hard 
coating properties with a penpilrhai^ K5400), and the coating thickness is within a range of 

0.5-10 p,m. When the thickness is Qi.S \m\ or less! suilicient hard coating properties are not exhibited. On the other 
hand, a thickness of 10 ]ur\ or nnore is not preferred because cracks occur. For the purpose of lowering the reflectance 

3S and improving the contact adhesion with the transparent substrate, various materials may be added as far as the hard 
coating properties of the resin are not lowered. 

[0034] In the anti-reflective material of the present invention, the transparent substrate can be coated with a coating 
composition for each layer using various methods used in a conventional coating operation. Usable coating methods 
include, but are not limited to, the spin coating method, dipping method, flood coating, gravure method, flexo method, 
40 Mayer bar method, microgravure method, spray method, kiss-roll method, air knife method, blade method, and three- 
roll method, and the optimum method is preferably selected considering the kind, shape, and size of the coating ma- 
terials, the coating compositk>ns, and the physical properties. The drying conditions must be optimized considering 
the vapor pressures and boiling points of the solvents to be used. Since the mixed solvent of the coating composition 
for the stainproofing layer used in the present invention has a boiling point within a range of 50 to ISO'C. and the 
45 coating weight of the stainproofing layer required to obtain sufficient stainproofing performance is considerably small, 
the solvent can be dried comparatively easily. To firmly bond the stainproofing layer to the low-refractive index layer, 
the curing conditions must be optimized according to the type of functional group of the perfluoroalkyi ether compound. 
In case where the perfluoroalkyi ether compound has an alkoxysilane at the terminal, and the stainproofing layer is 
chemically bonded with the low-refractive index layer through a silanol bond, the material is preferably^.heated.at^^*'' 
06/2M5^^^f^^^ in^$ hlgh^umldity atriio«pher^^ for several .days to.^eve^ai weeics.f''^ 

Wheri uslng'^a stainprbofihg component having an isocyanate group at the terminal, curing is preferably conducted at 
dO-70°G for several days to several weeks. To improve the contact adhesion between the respective layers and to 
improve the wettability of the coating composition, the substrate surface or surface to be coated can be subjected to 
a plasma or corona treatment. 



0^ >TH- 



Examples 

[0035] The following Examples further illustrate the present invention in more detail, but the present invention Is not 
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limited by the Examples. The stainproofing components (components 1 to 5), fluorine-based solvents (solvents A1 to 
A4). and non -fluorine-based solvents (solvents B1 to B5) used in the coating composition for stainproofing layer in the 
preparation of the anti-reflective materels of the Examples and Comparative Examples of the present invention are 
respectively shown in Tables 2, 3, and 4 below. In the Examples, 'parts" are by weight unless otherwise stated. 



Table 2 



Stainproofing components 


Structural formula 


Molecular weight 


Component 1 


(C2HgO)3Si(CH2)3NHCOCF2(OCF2CF2)m(OCF2)„OCF2CONH - 

(CH2)3Si(OC2H5)3 


about 2000 


Component 2 


F(CF2CF2CF20)„CF2CF2CONH(CH2)3Si(OC2H5)3 


about 3600 


Component 3 


HOCOCF2(OCF2CF2)n,(OCF2)nCX:F2COOH 


about 2000 


Component 4 


OCN-Ar-NHCOCF2(OCF2CF2)„(OCF2)30CF2CONH-Ar-NCO 
Ar: aromatic ring 


about 1500 


Component 5 


CF3(CF2)7CH2CH2Si(OCH3)3 


536 



[0036] In Table 2, "molecular weight" refers to an average molecular weight. That is, n and m in the structural formula 
of Table 2 are not specifically limited to any one number. These components are specified by the molecular weight. 



Table 3 



Fluorine-based solvent 


Structural formula 


Boiling point 


Solvent Al 


HFE-7100 (3M Co. ) 


C4F9OCH3 


60*C 


Solvent A2 


HFE-7200 (3M Co. ) 




78*C 


Solvent A3 


HFC-43-lOmee 
VERTREL XF 
(Du Pont Co.) 


CF3CHFCHFCF2CF3 


55'C 


Solvent A4 


ZBORORA H 
(Nippon Zeon Co., 
Ltd. ) 


CF2CF2CF2CHFCH2 


82 .5*C 



Table 4 

40 



Non-fluorine -based 
solvent 


Structural formula 


Boiling point 


Solvent Bl 


Methanol 


CH3OH 


63.9^C 


Solvent B2 


I PA 


(CHaljCHOH 


82.6**C 


Solvent 33 


MEK 


CH3COCH2CH3 


79. 6*C 


Solvent 84 


MIBK 


CHaCOCHjCHtCHjjj 


iis.a^'c 


Solvent B5 


THF 


CH2CH2CH2CH2O 


66*^0 
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<Example 1> 
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[0037] One surface of a transparent substrate of a triacetylcellulose (TAC) film having a thickness of 75 \im was 
coated with a coating composition for hard coat layer of the following formulation using a reverse coating process 
method, followed by drying with heating and further ultraviolet curing to form a hard coal layer having a thickness of 
3.5 ^m. Then, the hard coat layer was coated with a coating composition for a low-ref ractive index layer of the following 
formulation using a microgravure method, folk>wed by curing with heating at lOO'C for two hours to form a low-refractive 
index layer having a thickness of 0.1 |im. 



[Formulation of coating compositk^n for hard coat layer] 



Urethane acrylate: ' | 70 parts by weight 

(manufactured by Shin-Nakamura Chemical Co,, Ltd., under the trade name of "NK OLIGOMER-U-15HA") 
Pentaerythritot triacrylate: | 30 parts by weight 

(manufactured by Kyoeisha Chemical Co.. Ltd., under the trade name of "LIGHT ACRYLATE PE-3A") 



Photoradical polymerization initiator: 3 parts by weight (manufactured by Merck & Co., Inc., under the trade name of 
"DAROCUR 1173") 



MEK 
Toluene 



150 parts by weight 
i 100 parts by weight 



2S 


[Formulation of coating composition for low-refractive index layer] 




Methanol dispersion of Oolldidal silica: 


10 parts by weight 




(content of solid SIO2 having a particle diameter of 1 5 nm: 30%. manufactured by Nissan Chemical Industries Co., 




Ltd. under the trade name of "SNOWTEX". methanol silica sol) 




30 


Hydrolysate-containing ethanol sotution of tetraethoxysilahe:' (content of solid 


50 parts by weight 




SiOa: 6%) 






Ethanol solution of maiek: acid: (content of 20%) 


3 parts by weight 




Ethanol: 


300 parts by weight 



[0038] Then, the above low-refractive index layer was coated with a coating composition for stainproofing layer, 
which was prepared by dissolving the stainproofing component 1 shown in Table 2 in the fluorine-based solvent A1 
shown in Table 3 to form a 0.03% solution, at an assumed film thickness of 3 nm using a Mayer bar method, followed 
by drying at 100**C for two hours to prepare the anti-reflective material of Example 1. The formulations of the coating 
compositions for the stainproofing layer are shown in Table 5, together with the following Examples and Comparative 
Examples. 

<Examples 2 to 4> 

[0039] In the same manner as in Example 1, except that the formulations of tfie coating composition for the stain- 
proofing layer were changed to those shown in Table 5. the anti-reflective materials of Examples 2 to 4 were prepared. 

<Examples 5 to 9> 

[0040] In the same manner as In Example 1, except that the formulations of the coating composition for the stain- 
proofing layer were changed to those shown in Table 5, and the stainproofing layer was formed at an assumed film 
thickness of 4 nm, the anti-reflective materials of Examples 5 to 9 were prepared. 

<Example 10> 

[0041] In the same manner as in Example 1. except that the formulation of the coating composition for the stain- 
proofing layer was changed to that shown in Table 5, and the stainproofing layer was formed at an assumed film 
thickness of 5 nm, the anti-reflective material of Example 10 was prepared. 
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<Example 11 > 

[0042] In the same manner as in Example 1 , except that the fomnutation of the coating composition for the stain- 
proofing layer was changed to that shown in Table 5. and the stainproofing layer was formed at an assumed film 
s thickness of 1 2 nm, an anti-reflective material of Example 11 was prepared. 

<Example 12> 

[0043] In the same manner as in Example 1 . except that the formulation of the coating composition for the stain- 
fo proofing layer was changed to that shown in Table 5. and the stainproofing layer was formed at an assumed film 
thickness of 10 nm, an anti-reflective material of Example 12 was prepared. 

<Example 13> 

75 [CX)44] In the same manner as in Example 1, except that the formulation of the coating composition for the stain- 
proofing layer was changed to that shown in Table 5, and the stainproofing layer was formed at an assumed film 
thickness of 1 7 nm. an anti-reflective material of Example 1 3 was prepared. 

<Comparative Exemnple 1 > 

20 

[^45] A film of in di um-tin ox ide (I TO) was formed on one surface of a transparent substrate made of a PET film 

having a thickness of 100 pim at a thickness of 120 nm using a vacuum deposition methodTancJ furtfiermore a SIO^ 
layer having a thickness of 70 nm was formed thereon by deposition. 

[0046] As shown in Table 5, a stainproofing layer was then formed on the Si02 layer in the same manner as in 
2S Example 1 to prepare the anti-reflective material of Comparative Example 1 . 

<Comparative Example 2> 

[0047] As shown in Table 5, a stainproofing layer was formed on the SiOg layer in Comparative Example 1 in the 
30 same manner as in Example 5 to prepare the anti-reflective material of Comparative Example 2. 

<Comparative Example 3> 

[0048] In the same manner as in Example 10, except that the low-refractive Index layer was changes to that formed 
35 by depositing a Si02 layer having a thickness of 70 nm using a vacuum deposition method in Example 10, the anti- 
reflective material of Comparative Example 3 was prepared as shown in Table 5. 

<Comparative Example 4> 

40 [0049] As shown in Table 5, a stainproofing layer was formed on the SiOg layer in Comparative Example 3 in the 
same manner as in Example 1 1 to prepare the anti-reflective material of Comparative Example 4. 

<Comparative Example 5> 

45 [0050] In the same manner as in Example 1, except that the formulation of the coating composition for the stain- 
proofing layer was changed to that shown in Table 5, the anti-reflective material of Comparative Example 5 was pre- 
pared. 

<Comparative Example 6> 

so 

[0051] In the same manner as in Example 1 , except that no stainproofing layer was formed, the anti-ref lectlve material 
of Comparative Example 6 was prepared. 

[0052] The compositions of the stainproofing layers in the above Examples and Comparative Examples are shown 
in Table 5. The assumed film thickness of the stainproofing layer formed by coating and drying the coating composition 
^ for stainproofing layer is determined by calculation of the known wet coating weight, concentration of the stainproofing 
component in the coating composition, and specific gravity of the stainproofing component. 
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[0053] The characteristics of the anti- reflective materials obtained in the above Examples and Comparative Exam- 
ples, were evaluated by the following procedures. The results are shown in Table 6. 

(1) Appearance of coated film 

5 

[0054] The appearance of the surlace of the stainproofing. layer was observed, and the presence or absence of 
un evenness of coating was examined. 

O: Unevenness of coating is not found on the surface of the slainproofing layer. 
10 A: Slight unevenness of coating is observed. 

x: Clear unevenness of coating is observed. 

(2) Stainproofing properties 

IS [0055] Staining with a felt pen: After drawing a line on the surface of the stainproofing layer using a felt pen, the state 
of repeliency of ink was observed, and ink was wiped off using a piece of tissue paper. 

O: The surface of the stainproofing layer repels ink. and ink can be wiped off. 
A: The surface of the stainproofing layer repels ink, but ink cannot be wiped off. 
• . ■) 20 X: The surface of the stainproofing layer does not repel ink. 

[0056] sTaining~with TTngerprints: The surface of the stainprodfing"layer was stained with fingerprints. ancJ tfTeTfingef^" 
prints were wiped off using a piece of tissue paper. 



2S O: Fingerprints can be completely wiped off. 

A: Fingerprints not readily wiped off. 
x: Fingerprints cannot be wiped off. 



(3) Abrasion resistance 

30 

[0057] To evaluate the durability to rubbing of the stainproofing layer, the surface of the stainproofing layer was 
rubbed 500. times under a load of 500 g/cm^ using a nonwoven fabric, and then staining with a felt pen and staining 
with fingerprints were evaluated in the same manner as in evaluatton (2) at>ove. 



3S (4) Solvent resistance 



[0058] No treatment: Water droplets were dropped on the surface of the stainproofing layer, and then the contact 
angle was measured using a contact angle meter (°ERMA G-l" type contact angle meter manufactured by ERMA Co.). 
[0059] Treatment with ethanol: After rubbing the surface of the stainproofing layer 20 times under a load of 500 g/ 
40 cm2 using a cotton nonwoven fabric impregnated with ethanol, water droplets were dropped, and the contact angle 
was measured by using a contact angle meter ("ERMA G-l" type contact angle meter manufactured by ERMA Co.). 
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[0060] As is apparent from the resutts of Table 6. the anti-reflective nr^terials of Examples 1 to 1 3 according to the 
present invention showed excellent characteristics in all the categories of appearance of the coated film, stain proofing 
properties, abrasion resistance, and solvent resistance. On the contrary, the anti-reflective materials ol Comparative 
Examples 1 to 4, wherein a film of SiC^ was formed as the low-refractive index layer by deposition, were not fit for 
5 practical use over long periods because of insufficient abrasion resistance due to poor contact adhesion between the 
low-refractive index layer and the stainproofing layer, and poor solvent resistance. FurtherrTx>re, the anti-reflective 
material using a stainproofing component having no perfluoroalkyi ether group of Comparative Example 5 was inferior 
in both the appearance and stainproofing properties. 

[0061] To examine changes in the reflectance before and after forming the stainproofing layer, the reflectance of the 
10 anti-reflective materials of Example 1 and Comparative Example 6 was measured for specular reflection at an incidence 
angle of 5* over a wavelength range of 400 to 700 nm using a UVPC3100 spectrophotometer (manufactured by Shi- 
madzu Corp). As a result, the reflectance of Example 1 was 1.26%, and that of Comparative Example 6 was 1.40%. 
Therefore, the anti-reflectlve material of Example 1 according to the present invention showed a lower reflectance than 
that of the anti-reflective material provided with no stainproofing layer of Comparative Example 6, and showed an 
fs improved anti-reflective effect. 



Claims 

20 1 . An anti-reflective material comprising a transparent substrate and at least a low-refractive index layer and a stain- 

proofing layer laminated in ord er on said transparent substrate, whe re in said iow-refractive Index layer Is a silica 

film formed by the sol-gel method, and said stainproofing layer contains at least a perfluoroall^l ether compoundr 

2. An anti-reflective material in accordance with claim 1 , wherein said perfluoroalkyi ether compound has one or more 
2S functional groups having high affinity with silica and/or chemically bonding functional groups at the molecular ter- 
minal. 

3. An anti-reflective material in accordance with claim 1 , wherein said perfluoroalkyi ether compound is represented 
by the following formula 1 and/or formula 2: 

30 

Rf-R^-X^ formula 1 

35 X^-R^-Rf-R^-X^ formula 2 

(In the formulae. Rf represents a perfluoroalkyi ether group, R"" and R2 represent a divalent organic grouip, X^ and 
X2 represent a monovalent group having a functional group having high affinity with silica and/or a chemically 
bonding functional group, and R^ and R^ X^ and X^ may be the same or different). 

40 

4. An anti-reflective material in accordance with claim 2. wherein said functional group having high affinity with silica 
and/or chemically bonding functional group may be at least one functional group selected from the group consisting 
of cartxjxyl group, carboxylic group, phosphoric group, phosphate group, sulfonic group, sulfonate group, hydroxyl 
group, amino group, imino group, ammonium salt group, amide group, thiol group, isocyanate group, chlorosilyl 
group, and alkoxysilyl group. 

5. An ant i- reflective material in accordance with claim 3, wherein said functional group having high affinity with silica 
and/or chemically bonding functional group may be at least one functional group selected from the group consisting 
of carboxyf group, carboxylic group, phosphoric group, phosphate group, sulfonic group, sulfonate group, hydroxyl 
group, amino group, imino group, ammonium salt group. amkJe group, thiol group, Isocyanate group, chlorosilyl 
group, and alkoxysilyl group. 

6. An anti-reflective material in accordance with claim 3, wherein the molecular weight of said perfluoroalkyi ether 
^ compound is within a range of 500-10000. 

7. An anti-reflective material in accordance with claim 1 , wherein a hard coat layer is formed between said transparent 
substrate and said low-refractive index layer. 
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8. An anti-reflective niaterial in accordance with claim 1 , wherein the dry coat thiclcness of said stainproofing layer Is 
within a range of 0.1-50 nm. 

9. A display comprising the anti-reflective material of claim 1 on the surface of a display portion. 
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